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. The studied network posed of 131 buses, 29 generators and 2 HVdc links. The system has a multi-infeed HVdc configuration with two inverters electrically adjacent while two rectifiers are remotely located and connected through a high impedance ac network. Both of the dc links have parallel ac transmissions.
The statiddynamic procedure was checked by a detailed transient stability study. Several major faults were investigated showing that the location and ratings allocated for each FACTS Controller were adequate.
The paper finally shows that the proposed method successfully coordinates the combined operation of SVCs and TCSCs to solve a simultaneous voltage collapse and lack of synchronizing torque problem after a severe HVdc Bipole blocking.
Discusser: C.A. Canizares
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Including High Order Rational Functions in EMTP a Comparison Between Alternative Methods with Emphasis on Accuracy Thor Henriksen
Transients in power systems normally involve a nonlinear behavior of one or more components and simulations are therefore performed in the time domain. EMTP plays a dominating role worldwide in such analyzes.
One problem often encountered in a time domain analysis is how to model a component whose characteristic is known in the frequency domain only. Different methods exist, most of them involving some kind of approximation and the purpose of this paper is to compare the methods which are using rational functions taking the special characteristic of EMTP into account.
EMTP calculates unknown variables (voltages and currents) at discrete time points using a fixed time step At. The variables are not calculated between these time points and a linear variation is assumed, leading to the well-known trapezoidal integral approximation. The effect of this linearization has been analysed in the frequency domain and it is shown that it depends on the product of the frequency and the time step.
The effect of a deviation in the frequency domain on a transient voltage or current depends very strongly on the actual transient, but a reasonable guideline is to use a time step At which corresponds to at least 10 samples per period for frequencies which are expected to be important. Some additional approximations are made in EMTP for nonlinear elements. Those approximations are not treated in the paper.
The rational function can be established either in the z-domain or in the s-domain. This paper shows that the poles and zeros in the z-domain can be derived from the poles and zeros in the s-domain.
This relation is based on an approximation which is basically equivalent to the linearization assumed across each time step in EMTP. The order of the polynomials in the rational functions should be kept as low as possible in order to minimize the Computation time. The minimum acceptable order depends on the shape of the actual frequency function and the frequency range within which a good approximation is wanted. The order is roughly the same in s-and z-domain.
A rational function in z-domain is equivalent to a two-sided recursion formula which is easily implemented in EMTP. A rational function in s-domain can be converted to a z-domain function having roughly the same order. An alternative approach is to perform a partial fraction expansion and to establish a fictitious network based on this expansion. The contribution from each fraction can also be taken into account by a low order two-sided recursion formula.
All poles and zeros in the z-domain approach unity when the product of the frequency and the time step approaches zero. This makes the calculation of the rational function numerically ill-conditioned particularly when the order of the polynomials of the rational function is high.
A practical example using a rational function of order 30 showed that it was not possible to find any value for the time step giving a reasonable agreement between the frequency domain function and the corresponding z-domain function.
The round-off error problem is less serious when the order of the ration function is reduced. It is in general not considered as a great practical problem. There is, however, a risk of getting a significant error even when the order is less than 30 if the time step is sufficiently small. The greatest error will occur for low frequency components. It is worth to notice that the expected round-off error can be calculated prior to an EMTP calculation.
The round-off problem was for the actual example omitted by performing a partial fraction expansion in the frequency domain before transforming the rational function into the z-domain. This approach can be expected to give acceptable results in most cases where the high order z-domain function fails to give a satisfactory result. Introducing the partial fraction expansion increases the computation time by about 50 percent. However, this increase is normally not critical.
Discusser: A. Semlyen
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Creating The traditional method for developing electric network analysis computer programs is based on coding using a conventional computer language: FORTRAN, C or Pascal. The programming language of the EMTP (Electromagnetic Transients Program) is FORTRAN-77. Such a program has a closed architecture and uses a large number of code lines to satisfy requirements ranging from low level data manipulation to the actual solution mathematics which eventually become diluted and almost impossible to visualize. This paper proposes a new design idea suitable for EMTP re-development in a high level programming context. It presents the creation of the transient analysis numerical simulator MatEMTP in the computational engine frame of MATLAB.
Most network solution and modeling methods are simple to visualize and support mathematically, but their translation into an actual large scale working code is complex. Commonly used programming languages are ill-suited to human abilities for dealing with complexity. Software built using such languages is often inadequate. erful features for the formulation of appropriate abstractions for the desired application. But programming is always easier if a specialized language is already available for the creation of similar applications. Specialized applications should use dedicated computational engines where the developer can build and compose with high level constructs. In addition to defining a new library of functions and overloading existing operators, such an engine must provide a minimal number of portable graphical data visualization and manipulation functions. It is obvious that programming a computational engine from scratch is a major effort.
This paper proposes to use a widely used general purpose program available on most popular computer platforms as a computational engine: MATLAB. MATLAB has a large number of built-in functions and constructs covering a wide range of EMTP development needs and i s expandable by means of optional toolboxes. The recent implementation of sparse matrix manipulation capabilities eliminates a major feasibility barrier. This paper presents the creation of MatEMTP: a transient analysis program in MATLAB M-files. It is based on a new formulation of the main system of network equations, designed to eliminate several topological data restrictions and capable of handling arbitrary switch interconnections. By programming through matrix and vector operations the MatEMTP code 1s naturally vectorized. To eliminate useless testing, initialization procedures and repetitive dead code executions, the readyto-run structure of Figure 1 is proposed. This data adaptable structure relies on the input processor to interconnect the M-files. The input processor is a separate program that decodes standard EMTP data files and creates the case.m file. This file is a processed file of network data created from the external case data format.
The model selector is a set of M-files created by the inputprocessor for connecting required case.m models to the main program. All models are programmed in separate M-files that obey to a set of predefined core code requests. A typical request for a component model is "provide admittance matrix" or "update history". The creation of any new model is as simple as programming a new M-file which is automatically recognized and inserted into the appropriate code location by the model selector.
The organizer is another M-file created by the input processor that calls solution M-files according to selected options and overall solution needs. Thus, MatEMTP is based on a data dependent interconnection of individual code modules.
Used algorithms provide results identical to those from the EMTP However, the proposed environment is implemented in very few lines of code, is easily expandable, modifiable and highly portable. It also eliminates EMTP modeling limitations through a less restrictive formulation of main network equations.
Although in a few cases the new environment is faster, in general studies show that the conventional coding retains a speed advantage ranging from 2.5: 1 in the best case to 10: 1 in the worst case. Ideas for reducing this ratio are proposed.
The ultimate contribution of this paper is a dramatic illustration of The aperiodic occurrence of widespread contamination related outages in Florida resulted in a project to develop a contamination monitoring system. Along with original research work this project brings together knowledge from diverse technical fields, to produce a, field deployable, contamination monitoring system. Testing in a controlled environment and on operating transmission lines verified that the system monitors contamination buildup and natural washing of Outages caused by, contaminated insulation on high voltage transmission lines and in substations is a major concem for utilities world wide. A survey of the outage records of several utilities worldwide revealed that two events occur prior to and during major outages. First, a dry period lasting several weeks usually precedes any outages.'During this period there are a few days with strong winds. Virtually no scintillation activity is observed on the insulation during this period. The lack of activity can lead to a false sense of soundness of the insulation system. Second, a night of clear, calm weather occurs. Late that night, or early the following morning, multiple flashovers occur. In some cases fog will be present, but in most cases it is not.
Florida Power &Light (FPL) has experienced aperiodic occurrences of very high numbers of contamination outages. The most recent was in December 1991 and resulted in 198 transmission and substation outages from 12/20 through 12/29, with 114 transmission outages on Christmas day. Approximately 17 transmission outages, from all causes, was the expected norm for this period. This unusual pattem of outages has occurred with 3 to 7 years between events. One outcome of the investigation of these unusual contamination events was a research project to determine if a remote contamination monitoring system (RCM) could be developed to warn of these events.
This project utilized a synthesis of research from diverse technical fields as well as original developmental work to produce a practical contamination monitoring system that provides an actionable amount of warning of upcoming outage events. 
Description of the
